Valley of Kenya, food abundance and breeding success varied greatly as a result of highly unpredictable patterns and abundance of rainfall. A given pair of woodhoopoes may breed successfully from zero to three times between May and December. We found a female-biased sex ratio in first nests of the year among those female breeders that had few (0-2) helpers. Apart from predation of entire broods, nestling mortality was extremely low (5%), and the bias was not based on differential starvation of male and female chicks. We examined several possible explanations for the female-biased sex ratio, and we suggest that production of female offspring by breeders in small groups is adaptive in that females are smaller and probably less expensive to rear than males. Young female nest helpers contributed significantly more feedings to subsequent broods than did their male siblings of the same age. In each year breeding normally begins in late May or early June, following the "long rains" of March to May, and generally terminates in December or earlier.
Weatherhead 1985). In his review of sex ratio variation in birds,
concluded that "Sound evidence for sex ratio variation at hatching is thus scarce."
We report data that imply that in a cooperatively breeding bird (the Green Woodhoopoe, Phoeniculus purpureus), a female-biased sex ratio at hatching may occur under certain ecological and social conditions.
METHODS AND PoeRTINENT NATURAL HISTORY
We studied the social behavior and ecology of a marked population of Green Woodhoopoes near Lake In each year breeding normally begins in late May or early June, following the "long rains" of March to May, and generally terminates in December or earlier.
The number of successful nesting efforts per year appears to be controlled by food availability, which in turn is determined largely by patterns of rainfall. Two broods during the period June to December are common, and if environmental conditions are extremely favorable, three broods can be produced by one pair during this interval. When conditions are poor, breeding activity is limited, and only one or even no nesting attempt may occur. In such years, there is a lot of territory-to-territory variation both in the time of breeding and in the number of nests attempted.
Moth larvae make up the vast majority of food items of nestlings and adults during the six-or seven-month nesting season (unpubl. data), and numbers of these caterpillars through the year are related most directly to the amount of precipitation during the putative dry season, January to March. During this period, the moth caterpillars pupate in the ground and survive well only if the soil remains dry. If extensive rain falls during the "dry" season, mortality of the pupae is high, and few adults emerge to give rise to the generation of caterpillars that appears following the long rains. There is a significant inverse relationship between dry-season rainfall and subsequent repro- To test this idea we compared young (-<2 yr of age), same-age, male and female full siblings with regard to the aid they provided to nestlings. Females made significantly (P < 0.001) more feeding visits than did their male siblings (Table 3) 
Nests (n) Females
Males pa Females of simple pairs sometimes produce first offspring that are male, which is counter to the expectations of both the ally and more helpful sex hypotheses, and (assuming that female breeders never make mistakes) suggests that the "cheaper sex" explanation may be of most importance (i.e. when food on the territory is abundant, rearing a male nestling may be no more costly than rearing a daughter). In contrast, according to the other two hypotheses, in small groups, daughters should always be produced before sons, regardless of environmental conditions at the time of nesting.
In several species of cooperatively breeding birds, males are more likely than females to serve as helpers (Brown 1987), but until recently there has been no evidence that production of male offspring is favored. In the Red-cockaded Woodpecker (Picoides borealis), virtually all helpers are male. A significant bias toward producing males occurs in groups in which the breeding female is a newcomer to the territory Proximate causes of the biased sex ratio in Green Woodhoopoes.--We have considered four possible mechanisms responsible for the femalebiased sex ratio described here.
1. Sex-biased mortality of nestlings. In general, biased sex ratios of nestlings are a result of posthatch nestling mortality (Clutton-Brock 1986). However, in the woodhoopoes, post-hatch starvation of nestlings is so rare that it cannot be the mechanism producing the female bias.
2. Age of female breeder. Blank and Nolan (1983) found that older female Red-winged Blackbirds (Agelaius phoeniceus) produced a preponderance of sons. We have no record of any female woodhoopoe breeding successfully at <3 yr of age. We examined the numbers of sons and daughters produced by females of ages 3-4, 5-6, and 7-9 yr, and we found no relationship between sex of offspring and age of the female breeder.
3. Females are the heterogametic sex. In birds, females are the heterogametic sex and it is possible that the sex-ratio bias described here is based on a modification of the primary sex ratio. We have not been able to investigate this possibility. 4. Differential mortality of one sex in the egg stage. Sex of hatchlings possibly could be determined by the female parent during the incubation period, as she alone incubates the eggs. In some species of birds, egg size apparently correlates with sex; either those eggs that produce males are larger than those that produce females (Table 4) suggest that sex-ratio adjustment does occur in birds and that the mechanism we have suggested for woodhoopoes, although not previously described, is plausible. They also point out that at the population level sex ratios usu-system of the Green Woodhoopoe in Kenya. Liv
